Abstract: Agronomists are present in many spheres of the agricultural world as plant and soil scientists developing innovative farm practices and technologies that not only boost crop yields but also control pests and weeds while concomitantly protecting the environment. It is a multifaceted profession that spans a spectrum of careers including professional practitioners, educators, scientific researchers, communicators, as well as advisers to farmers. In these roles, agronomists work toward a collective goal where the latest methods and tools for growing crops are implemented into a cropping system that is both profitable and sustainable. They also play a critical role in issues of global concern, including food and water security, air quality and climate change, soil loss and degradation, health and nutrition, animal production, and many others. Agronomists have had a significant influence in shaping the Canadian agricultural landscape. What are the new challenges awaiting agronomists? This article reflects on the past, present, and future of the profession.
Introduction
The history of agriculture dates back thousands of years and its development has been driven and defined by climate, technology, as well as culture. Agriculture was the key element in the rise of sedentary civilizations and still has a massive influence on our life today. Through time, agriculture became more complex, which led to the emergence of agriculture science (Gorlinsky 2013) . The Canadian Society of Agronomy (2016) defines agronomy as "the science and practice of crop production to produce food, feed, fibre, and fuel".
Today, agronomists need to understand plants, soils, insects, microorganisms, climate, and their interaction with each other within agroecosystems (Canadian Society of Agronomy 2016). We find them in every sphere of the agricultural world, such as plant and soil scientists developing innovative farm practices and technologies that not only boost crop yields but also control pests and weeds and protect the environment (American Society of Agronomy 2015). Agronomy is a multifaceted career as it includes professional practitioners, educators, scientific researchers, communicators, as well as advisers to farmers to implement the latest methods and tools for growing crops profitably and sustainably. They work directly with farmers and are part of private companies, universities, governments, and non-governmental organizations. Agronomists also play a critical role in issues of global concern, including food and water security, air quality and climate change, soil loss and degradation, health and nutrition, animal production, and many others.
Given their presence in different sectors of agriculture, agronomists are well positioned to shape the future of Canadian agriculture.
Agronomists Shaping the Canadian Prairies' Landscape
The underlining foundation to agronomy is applied science; therefore, effective agronomists are experts at knowledge and technology transfer to producers. We have a perfect demonstration of that capacity with the development and adoption of conservation tillage (CT), which is one of the major agricultural innovations in the Canadian prairies over the last 40 yr.
In the Canadian prairies, land degradation has been recognized as a problem by scientists for more than a century (Hopkins et al. 1946; Anderson, 1975; Gray 1978; Janzen 2001; Awada et al. 2014 ). In the early 1900s, the practice of only cropping land in alternate years (summerfallow) was introduced. It was developed as a means of storing scarce water for the cropping year, as a weed control measure, and as a means of regenerating soil fertility (Standing Senate Committee on Agriculture, Fisheries and Forestry 1984) . Unfortunately, in the long term, the perceived benefits of summerfallow have not proven to be "as advertised" (Standing Senate Committee on Agriculture, Fisheries and Forestry 1984) . In fact, it was quite the contrary. Summerfallow made it difficult, in the semi-arid areas of the prairies, to produce grass and legume crops (Lafond and Harker 2012) . Conservation tillage was then introduced as an alternative to conventional tillage to control soil degradation and to promote agricultural sustainability (Awada et al. 2014) . The development and technology transfer of the new CT system involved pioneer farmers, agronomists, scientists, as well as engineers (Awada et al. 2014) . It took shape in the prairies in the 1970s and started to really take off in the early 1990s for a number of economic, technical, social, and political reasons. One of those reasons was the publication of a senatorial report that would greatly influence the future of the prairie's landscape. This report, which would be known as the Sparrow report, was published in 1984 by the Standing Senate Committee on Agriculture, Fisheries, and Forestry and entitled "SOIL AT RISK -Canada's Eroding Future". The Standing Senate Committee concluded that the wheat-fallow (with tillage) rotation cropping system was largely responsible for the decline in organic matter content, increased soil erosion, and the alarming increase in salt-affected land under cultivation in the southern prairies (Standing Senate Committee on Agriculture, Fisheries and Forestry 1984) . Recommendations in the report specified that an emphasis had to be brought forward on soil conservation in the western provinces and that agricultural and technical colleges needed to increase their training of agronomists and technologists to work in the field and provide assistance to individual farmers. These recommendations provided an important link in the transfer of conservation technology in the prairies (Standing Senate Committee on Agriculture, Fisheries and Forestry 1984) .
Over the years, agronomists integrated new practices and technologies to cropping systems including zerotillage, integrated pest management, adapted hybrids and (or) cultivars, and new crop rotations. Today, more than 75% of prairie cropland is under some form of CT, with 19.5 million ha under zero-tillage (Awada et al. 2014; Statistics Canada 2016) . Conventional tillage contributed to the loss of soil moisture so much so that on some dry prairie soils, 2 yr of moisture accumulation were needed to produce one crop (Statistics Canada 2006) . By using no-till, farmers could produce crops year after year, therefore, increasing their income (Statistics Canada 2006) . The agronomic research and technology transfer delivered by agronomists had a tremendous influence on the decrease of summerfallow ( Fig. 1) and gave farmers the possibility of cultivating new types of crops (Awada et al. 2014) .
The possibility of introducing new crops such as canola and pulse crops gave an economical boost to the western provinces. Markets were diversified and infrastructure such as crushing plants were developed (Lafond and Harker 2012) . The development and adoption of CT systems and other agricultural practices involved forward-thinking farmers and agronomists.
These changes had a huge impact on cropping systems and transformed them significantly. In turn, new cropping systems will have an impact on cultivars' and hybrids' yields. Plant breeders might have to take into account changing cropping systems in their breeding strategies. In the future, plant genetics will have to be developed in conjunction with agronomy as crop management will become more prevalent (Fig. 2) .
New Agricultural Challenges
Looking ahead, what will be the new challenges for Canadian agronomists? Canadian agriculture faces an increasingly challenging future, with the emergence of new biotic and abiotic threats, water issues, a growing population, volatility of commodity prices, and a fiercely competitive global market.
Climate change and environment
Several studies on the impact of climate change suggest that most regions of Canada are projected to warm up during the next 60 yr. This increase in temperature could have a significant impact on agriculture, including an increase in intensity and frequency of droughts and violent storms, leading to a decrease in crop yield (Agriculture and Agri-Food Canada 2015) . Droughts and floods could also impact livestock by reducing pasture availability and the production of forage crops (Agriculture and Agri-Food Canada 2015) . In addition, the increase in temperature could favor the emergence of new crop pests and diseases. These would include weed growth due to higher levels of carbon dioxide (CO 2 ) and an increase in disease in crops due to more favorable conditions such as heat and humidity (Agriculture and Agri-Food Canada 2015). Drought brought about by climate change will put increasing pressure on farmers as water scarcity increases competition between rural and urban demand.
Given the gradual change of climate in the past, historically, farmers have adapted to their environment in an autonomous manner (Anwar et al. 2013 ). However, with the rapid and significant changes anticipated, farmers will need professional support to plan for and cope with changes.
These challenges may also provide opportunities to grow new crops in certain regions with an expansion of the growing season to go along with milder and shorter winters. Greater crop diversity will require new production techniques and agronomic research to determine how to grow and rotate new crops efficiently and economically.
Increasing world population
In addition to dealing with a changing environment, agronomists will have to support farmers in increasing their production, in a sustainable manner, to meet the ever growing world population.
The United Nation has estimated that the global population will reach 9.7 billion by 2050 and will require 60% more food calories than are currently produced (Alexandratos and Bruinsma 2012) . Current food production is not capable of providing these calories without serious adverse environmental impacts. Moreover, climate change will exacerbate food security issues and also introduce unfamiliar and unpredictable new challenges (World Health Organization 2003) .
Extension agronomists will have a pivotal role as they will convey information between researchers and producers as well as implement new technologies in the field. Linking breeding and agronomy research will have to become a priority to ensure food security. Plant breeding will have to focus on traits that improve nutritional quality, confer enhanced nutrient and water use efficiencies, and adaptation to abiotic and biotic stresses.
Public trust and transparency
Public trust is the ongoing level of stakeholder acceptance and approval for a particular project or industry to conduct operations (Canadian Federation of Agriculture 2015) . Within an agricultural producers' context, public trust can be defined as the ongoing level of acceptance, approval, and trust of consumers regarding how food is produced and generally includes the following themes: economics and affordability, environment, labour, health, biotechnology, and animal welfare (Canadian Federation of Agriculture 2015) . Public trust depends largely on public (consumer) trust, which can be defined as the belief that activities are consistent with social expectations and the values of the community and other stakeholders (Royer 2015) .
Agriculture today has evolved considerably over a generation. The migration of rural populations to urban settings means most are concentrated in urban areas and farms are larger and much more sophisticated. There is now a knowledge and communication gap between the general population and the farming and (or) food industry. More and more, the agricultural industry is facing scrutiny, criticism, and value judgements across many areas, affecting consumer trust (Canadian Federation of Agriculture 2015) . Canadians are expressing concerns with threats they believe are connected to how food is produced such as antibiotic resistance, zoonotic diseases, and environmental degradation from food production (Canadian Agri-Food Policy Institute 2016).
Canadian agronomists will play a pivotal role in keeping the trust Canadian consumers have in their food. The agriculture industry must focus on the entire agriculture supply and value chains with consumer perceptions to ensure broad support for how food is produced today (Canadian Federation of Agriculture 2015) . Securing trust will require greater transparency about food practices and their impacts (Canadian Agri-Food Policy Institute 2016). Communication will be key and agronomists will be the interface between industry, science, producers, and consumers to ensure scientific outreach to the public and also by relaying their concerns up the supply and value chain.
Canadian food brand
According to the Canadian Agri-Food Policy Institute, Canada is producing some of the safest food in the world from an arable land base with one of the lowest densities of animals and people per hectare, as well as negligible impacts on non-renewable water (Canadian Agri-Food Policy Institute 2016). The Canadian brand is therefore considered to be safe, clean, and trusted (Canadian Agri-Food Policy Institute 2016). Other countries are now aspiring to follow this path. For instance, Ireland has developed the "Origin Green" initiative, which is the only sustainability program in the world that operates on a national scale, including government, private sector, and food producers (Bord Bia 2016). This initiative is proving that sustainability is paramount in the eyes of consumers.
To maintain the well-deserved reputation of the "Canada Brand", agronomists will have to focus on the sustainability of Canadian agriculture practices. Measures such as improving water use, optimizing fertilizer and pesticides application, and lowering energy consumption will be the benchmarks agronomists work toward.
What Does the Future Hold?
As new technologies are shaping the future, agronomists will have to take part in this revolution to bring forward Canadian agriculture. Until very recently, drones, big data, microbiomes, and nanotechnology were terms that were almost nonexistent in the agricultural lexicon. These technologies are now starting to be part of producers' everyday life. What do cutting edge technologies entail for agriculture?
Smart farming and big data
For some years now in Canada, we have seen fewer but larger farms (Statistics Canada 2011). As the agricultural sector continues to restructure, farms expand in their scale of operation, consolidate, and adopt new technological innovations to enhance productivity (Statistics Canada 2011). Farmers will rely on larger amounts of data to support their decision-making. Technology-oriented farms will require more on-farm diagnostics using data generated from the creation of site-specific on-farm management zones, which requires greater financial, marketing, and agronomic management skills (Garven & Associates 2015) .
Amongst smart farming technologies, precision agriculture will be the principal factor in generating big data as it is a management system that is information and technology driven, utilizing site-specific information derived from soils, crops, nutrients, pests, moisture and (or) yield for optimum profitability, sustainability, and protection of the environment (United States Department of Agriculture 2011). Most precision agriculture technologies are based on global positioning systems and include an "auto-steer" function for farm equipment, grid-sampling, remote sensing, variable rate applications, and yield monitoring systems (United States Department of Agriculture 2011 ). An evolving source of data for precision farming is also being generated on-farm with the use of unmanned aerial vehicles.
Biotechnology
Biotechnology is now a mature industry and continues to grow in importance. Biotechnology, through genetically modified seeds, has had a presence in crop production systems since the 1990s (International Service for the Acquisition of Agri-biotech Applications 2011). The spectrum of biotechnology applications in agriculture is also getting broader. Nanotechnology, which is recognised by the European Commission as one of the six "Key Enabling Technologies" that contribute to sustainable competitiveness and growth in several industrial sectors (Parisi et al. 2015) , could also play a role in agriculture. Nanotechnology involves the ability to see and control individual atoms and molecules and deals with dimensions of <100 nm (National Nanotechnology Initiative 2016). Nanotechnology provides new agrochemical agents and new delivery mechanisms to improve crop productivity and it also promises to reduce pesticide use (Sekhon 2014) . Nanotechnology could be used in precision farming techniques to further improve crop yields without damaging soil and water resources, reduce nitrogen loss due to leaching and emissions, and enhance long-term nutrient incorporation by soil microorganisms (Sekhon 2014) . This technology could also be used in nanoparticle-mediated gene or DNA transfer in plants for the development of insect-resistant varieties, food processing and storage, nanofeed additives, and increased product shelf life (Sekhon 2014) .
Agricultural genomics, which refers to the application of genomics in agriculture, is and will continue to help drive sustainable productivity and to offer solutions to the mounting challenges of feeding the world's growing population. Advances in plant genomics research have opened up a new era in crop plant breeding where the linkage of genes to traits brought more efficient and predictable breeding programs (Fears 2007) . Outputs from genome sequencing are being enhanced by advances in functional genomics technologies, including transcriptomics, proteomics, metabolomics, and informatics (Fears 2007) .
Genomics is providing powerful tools to agronomists and producers in addressing the need to develop crop strains and livestock breeds that can support increased food production while having pest-and disease-resistant characteristics and reduce the environmental footprint in terms of toxic chemicals and carbon emissions compared with traditional farming (Genome Atlantic 2015) .
Branching out of genomics, gene editing is providing a precise way to modify crops in hopes of making them yield more food and resist drought and disease more effectively (George and Ray 2017) . Gene editing is an approach in which the genome sequence is directly changed by adding, replacing, or removing DNA bases (George and Ray 2017) .
Microbiomes
The soil microbiome, which is the community of microorganisms found in soil, is crucial for soil health (United Kingdom Microbiology Society 2015) . One gram of soil usually contains millions of microbes, including archaea, bacteria, and fungi (United Kingdom Microbiology Society 2015) . Some microorganisms colonise the plants' rhizosphere and form mutually beneficial symbiotic associations. Scientists are exploring the diversity and function of the soil microbiome and the potential for producers to harness it as a tool for sustainable agricultural system (United Kingdom Microbiology Society 2015).
Microbiome-related technologies will play an important role in mitigating food security with the development of microbial inoculants as biofertilizers, biocontrol, biomarkers, as well as stress protection products (Berg 2009; Berg et al. 2013 ). In the near future, the plant microbiome may present a great opportunity for advances in plant breeding and plant biotechnology (Berg et al. 2014) .
With these new technologies, crop production is becoming increasingly complex and agronomists will have to continue playing a role in the transfer of technology, knowledge, and know-how (Farmers Guardian 2015).
According to Professor Achim Dobermann, Director of Rothamsted Research, "There are a number of trends that will fundamentally impact on the role of agronomists, such as: Increasing number of genetically engineered varieties, so an understanding of crop genetics will be important; Most crops, including wheat, are likely to be hybrids. That will require a fundamental change in the way crops are grown; there will also be a convergence of genetics and chemistry. Chemical interventions will interact with the genetics of crops to prevent and control weeds, pests, and diseases" (Farmers Guardian 2015) . Professor Dobermann sees agronomists as the ideal method of translating the latest science on farms where it can do the most good (Farmers Guardian 2015) .
Partnership is key in moving forward
A key role for agronomists in the future will be to build partnerships amongst all agriculture sector players. Coordination and collaboration will become increasingly important to eliminate duplication and to continue being competitive on world markets.
There is a need for multidisciplinary research to understand the sustainability of specific practices and their impact on the long-term health of soil and water resources. Collaboration between commodity groups, cooperation amongst scientists (both public and private), and an overall cooperative approach to address research needs will result in more efficient and effective research initiatives. The Wheat Initiative is an excellent example of international interdisciplinary collaboration. It provides a framework to establish strategic research and organization priorities for wheat research at the international level in both developed and developing countries (Wheat Initiative 2016). The Wheat Initiative has established Expert Working Groups (EWGs) where there would be benefit from bringing together experts with a focus on a topic of relevance to the Wheat Initiative's aims and objectives. The Wheat Initiative provides EWGs with a platform for discussions, information sharing, and interactions to identify and address specific research and organizational challenges (Wheat Initiative 2016).
The Wheat Agronomy EWG is a cross-disciplinary systems approach to identify and remove factors responsible for regional yields gaps and aims to bring together experts from a broad range of disciplines (vs. a silo approach). Emphasis is placed on a systems agronomy approach that will enhance synergies to close the gap between genetic and on-farm yields but also meet societal goals around quality, sustainability, and consistent supply considerations in the face of increasing demand and climate change (Wheat Initiative 2016).
Conclusion
Agronomy has always been a multidisciplinary discipline encompassing knowledge of plant, soil, and animal sciences, as well as economic and social sciences.
Agronomy has the noble purpose of obtaining, in an efficient way, healthy, reliable, and useful products for society (Ordre des Agronomes du Québec 2016). Research, development, and technology transfer have always been at the heart of the profession but in our modern era, the pace at which changes now happens has accelerated. This will be even truer in the future; agronomists will have to implement new technologies quickly and to adapt agricultural practices to environmental changes. As stewards of the land, agronomists will be at the heart of implementing sustainable agriculture and protecting our common and primordial resources that are agriculture land and the environment.
